During the development of PCR primer sets for microsatellite marker loci from enriched genomic libraries for three squat lobster species from Galatheidae (Decapoda: Anomura); Munida rugosa (Fabricius, 1775), M. sarsi (Huus, 1935) , and Galathea strigosa (Linnaeus, 1761) (collectively known as squat lobsters), a number of unforeseen problems were encountered. These included PCR amplification failure, lack of amplification consistency, and the amplification of multiple fragments. Careful examination of microsatellite containing sequences revealed the existence of cryptic repeated elements on presumed unique flanking regions. BLAST analysis of these and other VNTR containing sequences (N 5 252) indicates that these cryptic elements can be grouped into families based upon sequence similarities. The unique features characterising these families suggest that different molecular mechanisms are involved. Of particular relevance is the association of microsatellites with mobile elements. This is the first reported observation of this phenomenon in crustaceans, and it also helps to explain why microsatellite primer development in galatheids has been relatively unsuccessful to date. We suggest a number of steps that can be used to identify similar problems in microsatellite marker development for other species, and also alternative approaches for both marker development and for the study of molecular evolution of species characterised by complex genome organisation. More specifically, we argue that new generation sequencing methodologies, which capitalise on parallel and multiplexed sequencing may pave the way forward for future crustacean research.
INTRODUCTION
Microsatellite loci are ubiquitous in eukaryotes. Their codominant and often highly polymorphic nature now renders them one of the most widely used molecular markers for population genetics studies (Wilder and Hollocher, 2001 ). These marker loci have been relatively easily developed for many species using a range of readily available protocols (Selkoe and Toonen, 2006; Zane et al., 2002; Zhang, 2004) . However, this has not been the case for a number of other species where development has been problematic such as shrimps (Weetman et al., 2007 and references therein), prawns (Brooker et al., 2000) , gastropods (McInerney et al., 2010) , and insects Meglécz et al., 2004 Meglécz et al., , 2007 Van't Hof et al., 2007) .
Thus far, the difficulty with microsatellite development has been predominantly associated with their presumed low abundance in the genome of particular species from different taxonomic groups (Meglécz et al., 2007; Ross et al., 2003; Van't Hof et al., 2007) . However, while enrichment techniques have been useful in increasing yields of microsatellite containing sequences, this approach has not always worked. This suggests that the relatively low abundance of microsatellites is not always the main impediment in developing markers. Recent work on lepidopterans has reported on the difficulties associated with the isolation and characterization of microsatellite markers for this group of insects (Bogdanovicz et al., 1997; Keyghobadi et al., 2002; Meglécz et al., 2004 Meglécz et al., , 2007 Meglécz and Solignac, 1998; Palo et al., 1995; Van't Hof et al., 2007) .
Whilst microsatellites are not uncommon in the genome of lepidopterans, it is particularly difficult to design reliable single locus primer sets and to establish adequate conditions for reliable and reproducible PCR amplification. Even in instances where microsatellites have been successfully developed for lepidopterans, in most cases, these were associated with significant departures from Hardy-Weinberg expectations (Meglécz et al., 2004) . Previous studies have suggested that these problems are related to the complex nature of microsatellite flanking regions in this group of insects (Meglécz et al., 2004 (Meglécz et al., , 2007 Van't Hof et al., 2007) .
By comparing microsatellite flanking regions in two butterfly species, Meglécz et al. (2004) reported on the incidence of a high degree of sequence similarity among flanking regions of different microsatellites, and in particular for those from the same species. Further comprehensive work (Meglécz et al., 2007; Van't Hof et al., 2007) confirmed this finding across many insect species. The authors argued that this phenomenon can be explained by a number of alternative or combinatorial hypotheses including amplification/multiplication events involving microsatellite containing regions, microsatellites embedded in minisatellite regions or recombination mediated events. The authors also suggested a possible association between microsatellites and mobile elements, a phenomenon which has been commonly observed in plants, e.g., species of Eucalyptus (Rabello et al., 2005) , barley (Ramsey et al., 1999) , and rice (Temnykh et al., 2001) , and also reported in vertebrates such as humans (Nadir et al., JOURNAL OF CRUSTACEAN BIOLOGY, 30(4): 664-672, 2010 1996), primates (Arcot et al., 1995) , and pigs (Alexander et al., 1995) .
During the development of microsatellite PCR primer sets from enriched genomic libraries for three species of galatheid squat lobster, Munida rugosa (Fabricius, 1775) , M. sarsi Huus, 1935 , and Galathea strigosa (Linnaeus, 1761) , a number of unforeseen problems were encountered. While a large number of clones from these libraries were found to contain clear microsatellites and apparent unique flanking sequences for PCR primer design, the majority (93%) of the primer sets designed failed to work for no obvious reasons. Our hypothesis is that, similar to what has been observed in insects; microsatellite flanking regions of galatheid crustaceans are very complex. To test this, we compare both microsatellites and other Variable Number of Tandem Repeat (VNTR) containing sequences of three galatheid species M. rugosa, M. sarsi and G. strigosa.
MATERIALS AND METHODS

Microsatellite Library Development and Sequencing
The approach used for the development and isolation of microsatellite containing regions for M. rugosa, M. sarsi, and G. strigosa followed the protocol described by Kijas et al. (1994) involving microsatellite enrichment using biotinylated oligonucleotides with modifications as reported in Boston et al. (2009) and McInerney et al. (2008; 2009) . A byproduct of the microsatellite development protocol used, were sequences containing small minisatellite repeat motifs (i.e., repeat units . 10 bp). While these minisatellite containing sequences were not used for PCR primer design (i.e., resulting products are usually too large for reliable PCR amplification), they were considered for subsequent BLAST analyses (see below). In combination, microsatellite and minisatellite containing regions are therein referred to as VNTRs.
Sequence Analysis
While Meglécz et al. (2007) have described a computer program (Microfamily) for detecting flanking regions similarities among different microsatellite loci, we elected to use the approach described by Meglécz et al. (2004) as we believe that it allows for a more thorough examination of the results of VNTR containing regions with inconspicuous short or semirepetitive flanking regions. The approach of Meglécz et al. (2004) basically involves an all-against-all pairwise comparison of all VNTR containing sequences; including those with short or with only one flanking region. This was conducted for the three galatheid species through a BLASTN search (Altschul et al., 1990) .
To test for the presence of transposable elements, all VNTR containing sequences identified within the data set were blasted against an online reference collection of transposable elements using the Censor software tool (Kohany et al., 2006) . A comparison was also carried out with all available galatheid mobile elements currently reported on GenBank, using default parameters.
RESULTS
Development and Analysis of VNTR Containing Sequences
Over the three species, a total of 10,950 recombinant clones were screened for microsatellites. From these, 393 clones (4%) that were identified as positive by hybridisation were sequenced in both directions. Removal of false positives (14%) and poor sequences (22%) resulted in a total of 252 VNTR containing sequences (see Table 1 for details). Of these, 167 (66%) were not considered for primer design for the following reasons: 56 contained minisatellite DNA, 104 lacked suitable flanking regions; and seven contained interspaced complex microsatellites with a flanking region similar to the SSR motif.
The remaining 85 microsatellite containing sequences had potentially suitably sized flanking regions for primer design. PCR primer sets were designed using PrimerSelect software (DNAstar Inc) for 60 (70%) of these. Despite extensive optimisation attempts (e.g., varying annealing temperature, MgCl 2 and DNA concentration), including redesigned primers, 85% of all primer sets resulted in the amplification of products of incorrect size and/or multiple fragments. The remaining primers sets (15%) failed to amplify any products. Careful examination of the latter, indicate that they were associated with microsatellite containing sequences with limited (i.e., poor) flanking regions, thus it is not entirely surprising that they were not successful.
Subsequent BLAST analysis identified a surprisingly high number of cryptic repeated elements consisting of short DNA stretches of $ 40 bp in length in the 'unique' flanking regions of these microsatellites. To test whether these cryptic repeated elements were responsible for the PCR amplification problems, a number of new primer sets (N 5 10) were redesigned avoiding them, and used in further PCR amplification attempts. These, however, also failed to produce reliable and/or consistent PCR amplification.
Further detailed examination of results from the BLAST analysis, revealed many additional cryptic repeated elements (shorter than 40 bp) in the microsatellite flanking regions of the different clones. Taking these in consideration, only 32 of the initial 85 suitable microsatellite containing sequences were clearly 'unique' within our data set (six G. strigosa, 13 M. rugosa and 13 M. sarsi). Based on this information, additional primers sets were designed for these sequences.
In this third attempt, an additional 16 primer sets were designed (total no. of primers 5 86), of which six sets proved successful in the amplification of products corresponding to single microsatellite loci (i.e., one or two allelic fragments per individual). In other instances, however, the same amplification anomalies described earlier were observed, i.e., amplification of products of incorrect size and/or multiple fragments. These results clearly confirm the high degree of complexity in otherwise 'unique' DNA regions flanking microsatellites in these species. 
Families of Cryptic Repeats in VNTR Flanking Regions
In addition to the identification of cryptic repeated elements in the microsatellite containing sequences, the BLAST analysis incorporating all 252 VNTR containing sequences revealed a number of interesting features. Partial results of this analysis are summarised in Table 2 . Species specific cryptic elements ranged from two to nine. Cryptic elements shared among flanking regions of VNTRs from different species were primarily observed in comparisons involving species of Munida (41) with only a single instance of an inter-genus cryptic element. All cryptic repeated elements identified in the flanking regions could be reliably grouped according to sequence similarity into distinct DNA families (see Fig. 1 for an illustration). Within these families, matches among cryptic repeated elements often involved , 100 bp regions with , 96% sequence similarity. Among these families, distinct patterns were noticed. For instance, the microsatellite motif within Families 1 (motif-CAG), 4 (motif-GTC) and 5 (motif-GTC) were the same among constituent sequences. Families 2 and 3, however, while sharing cryptic repeated Table 2 . Number of cryptic repeated elements appearing (above 40 bp in length) in multiple clones within and between galatheid species. elements in the flanking regions of each microsatellite containing sequence, did not share the same microsatellite motifs (see Fig. 1 ). Families 1 (comprised of 4 clones) and 5 (comprised of 3 clones) display similarities in the cryptic repeated elements in the flanking region on both sides of the microsatellite, while the three other families (2, 3 and 4) share cryptic repeated elements on a single side only. Interestingly, an instance of a duplicated cryptic repeated element occurring twice within a single flanking region was observed in Family 2 (clone MR62). In Family 3, all clones share one cryptic repeated element, but half also share a second unrelated cryptic repeated element. Family 4, the largest in our data set, is comprised of 14 clones of Munida from both species.
A varying number of shorter additional distinct cryptic repeated elements (, 12-16 bp in average) were also found in the flanking regions of 'suitable' microsatellite containing sequences (see Fig. 2 ). Their number, i.e., different 12-16 bp elements, ranged from one to five within microsatellite flanking regions of a particular clone, but no more than once per clone and the same 12-16 bp repeat can occur up to 15 times across different clones. Among different VNTR containing sequences, however, these shorter cryptic elements can also be grouped into families. One particular 16 bp element was characterised as a direct or inverted repeat in 11% of all sequences analysed and in 21% of sequences already grouped into DNA families. This cryptic repeated element is identified in four of the seven clones of Family 3 (data not shown). Close examination of microsatellite containing sequences for which primers failed, suggests that these shorter cryptic repeated elements are also likely to be responsible, i.e., primers annealing to these inconspicuous short repeated regions (Fig. 2 ) results in the PCR amplification of either multiple fragments or single fragments of incorrect size.
Transposable Elements
Comprehensive scanning of all 252 squat lobster VNTR containing sequences against the Censor software tool using default settings resulted in 111 matches with known repetitive/mobile elements. These included transposons (35%), LTR retrotransposons (5%), non-LTR retrotransposons (19%) and endogenous retroviruses (8%). No noticeable associations were observed between galatheid species or genus and particular types of transposable elements.
Of the 27 short direct or inverted repeats identified (, 16 bp), 56% of sequences containing these correlated to a known mobile element through BLAST analysis. The 28 highest similarity scores resulting from the BLAST analysis (involving all sequences) are shown in Table 3 . These cover all of the main eukaryote groups, i.e., 27% matched mammals, 17% plants, 20% insects and 13% birds. No significant matches were found with the limited number of the reported crustacean and/or galatheid (Terrat et al., 2008; Piednoel and Bonnivard, 2009 ) mobile elements.
DISCUSSION
While microsatellites have been successfully used in crustacean population genetic studies (Beacham et al., 2008; Ball et al., 2003; Ferguson et al., 2002; Kenchington et al., 2009) , an increasing number of investigations report on the difficulties in their isolation and optimisation (Brooker et al., 2000; Moore et al., 1999; Robainas et al., 2002; Weetman et al., 2007) . Excluding the present investigation, only one additional study has reported on the occurrence of VNTRs in galatheid species (Cabezas et al., 2009) , and the authors hint at the difficulties associated with successful microsatellite optimisation and application in this group.
The detailed breakdown and characterisation of sequences reported here suggest that VNTRs are abundant for the three galatheid species despite only a small number of reliable PCR primer sets being developed. Bias due to technical artefacts resulting from the enrichment protocol used for microsatellite development can be dismissed as a possible reason for the lack of success of PCR primer sets. The same enrichment protocol has been successfully used within our research group for the development of microsatellite primer sets for mammals (Boston et al., 2009 ), gastropods (McInerney et al., 2008 , 2009 , fish, and other crustacean species at the time of the galatheid microsatellite development. It is unlikely that technical bias was restricted only to the three independent galatheid enriched libraries, thus, the observations reported in this study reflect true genome complexities in these species. Furthermore, at least in insects, Meglecz et al. (2007) have demonstrated that similarities among microsatellite flanking regions is independent both from methodological approaches (whole genomes comparisons, whole genome shotgun sequences comparisons and partial genomic Fig. 2 . Diagrammatic illustration of sequence (repeat motif and flanking region) MS746 for which four microsatellite primers were designed to attempt PCR amplification. The tram lines (555) indicate the regions which were shared (BLAST search) with similar sequences in the flanking regions of other distinct microsatellite sequences within the squat lobster database. The symbol (,,) underlines the sequence where PCR primers were designed upon. A region between the two SSR repeats (motif identified in legend) illustrated overlaps where two PCR primers were designed on a repetitive region (*). Multiple dots (…) represent the parts of the sequence that do not match any other sequence in the squat lobster database therefore are assumed to be 'unique'. libraries for microsatellites) and species investigated. While such a comparison has not been done in here, it is reasonable to assume this will also apply for galatheids.
Alternative primer development characterised as REpetitive Flanking sequences (ReFS) was introduced by Anderson et al. (2007) and undertaken in the current study. This single primer approach confirmed that the cryptic repeated elements identified here are not artefacts but elements that are common throughout the galatheid species genomes. Thus, the ReFS approach produced multi-banded fingerprints, which were polymorphic both between and among species (for further details see Bailie, 2008) . Therefore, similar to the findings of Meglecz, et al. (2004; it would appear that, at least some crustacean species have increased levels of complexities in their flanking regions when in comparison to others.
The high degree of sequence similarity of cryptic repeated elements among flanking regions of different microsatellite loci has previously been reported in insects Meglecz et al., 2004 Meglecz et al., , 2007 Sunnucks and Wilson, 1999; Van't Hof et al., 2007; Wu et al., 1999) . It is often the case that negative results are seldom published and despite crustacean investigations having reported difficulties in obtaining microsatellite markers (references aforementioned), this is the first to elaborate on the respective causes. Results of the current investigation are the first to relate the lack of success in microsatellite development for any crustacean species to the similarities in cryptic repeated elements identified. This pattern was observed across all three galatheid species investigated, and it is likely that such similarities are more widespread in other unrelated taxonomic groups facing difficulties (detailed above) but have yet to be investigated and reported.
Galatheid Microsatellite DNA Families
The results of this investigation combined with previously published work on lepidopterans raises many questions concerning the origin and successful use of microsatellites as genetic markers. The origin of microsatellites has been the subject of much debate in the literature (Goldstein and Schlötterer, 1999) . The common assumption is that a VNTR arises by a fortuitous generation of a small tandem duplication, which then undergoes length changes by replication slippage (Schlötterer and Tautz, 1992) . In this case, the association of microsatellites with interspersed repeats would be random and depend on their frequency in the genome. While it is impossible to determine this without analysis of a vast amount of genome sequences, Family 2 and 3, with shared sequences at various distances from different VNTR regions, support this model. A high incidence of these cryptic repeats would be expected in genomes that have a large quantity of repeated sequences and that are relatively young, (less than 20-50 Myrs old) depending on the original copy number.
Another possible explanation of the cryptic repeats is that they are derived from tandem repeats that have Table 3 . Positive matches of squat lobster sequences with known mobile elements detected through BLAST searches against the Censor GIRI database. Identified mobile elements are listed including type and associated species/group. The 'Similarity' statistics is calculated by Censor, and converted to percentage for simplification. BLAST score is simply the alignment score provided through the BLAST search. mutated randomly so the fragments of the original sequence are separated by regions mutated to 'uniqueness'. Twenty of the sequenced clones contained evidence of tandem repeats of units ranging from , 12-60 bp, some almost perfect, some containing longer units comprised of smaller components and some with recurrent motifs of 4-6 bp separated by widely diverged sequences. To put this into perspective, primer sized units of , 25 bp at a mutation rate of 10 28 per base pair per year would have a half-life of 2.7Myr and 10% would survive without mutation for 9 Myr. We found no evidence for recombination and/or conversion mediated events as plausible explanations for the apparent association of cryptic repeated elements with VNTR containing regions as suggested by Van't Hof et al. (2007) .
Mobile Element Association to Galatheid DNA Families
The pattern observed in Families 1, 4 and 5, which indicates an association of VNTRs with similar cryptic repeated elements in their flanking regions, suggests that the whole region, microsatellite and flank, pre-existed and were duplicated together. The abrupt loss of homology with distance implies that the transposition or insertion of a short region, or that this association has taken place in conjunction with a mobile element, which has since been excised. Consequently, a number of investigations have reported an association between transposable elements and VNTRs, e.g., species of Eucalyptus (Rabello et al., 2005) , barley, (Ramsey et al., 1999) , rice (Temnykh et al., 2001) , and Diptera (Wilder and Hollocher, 2001 ).
Under this model, the original region containing a proto-VNTR would require a small mutation to create the initial repeat, a proportion of which would eventually develop into a VNTR at that position. The flanking sequences will only be homologous if they are co-transposed with the microsatellite suggesting that the transposable element may contain the proto-VNTR (Wilder and Hollocher, 2001 ) and the multiplication/integration event is a hitchhiking process of both the microsatellite and its flanking regions. Therefore, it is possible that the short repeats are generated occasionally as part of the integration or excision of transposable elements. The integrating element might be reverse transcribed from cellular RNA, as are human Alu elements (a retrotransposon), and might coincidentally contain or generate a short microrepeat, or might be a Class II transposon, which move by a ''cut and paste'' process. The variable nature of transposon excision events makes this model compatible with all the repeat families described here.
A BLAST search of squat lobster sequences against a database of mobile elements yielded a surprisingly high number of positive hits to other taxa, a trend not observed in other studies (Meglécz et al., 2004; Van't Hof et al., 2007) . A comprehensive investigation by Meglécz et al. (2007) included 1236 sequences from 23 insect species and reported, in the case of Drosophila melanogaster, that 6.4% of microsatellite sequences showed similarities to a repetitive element bank for Drosophila. As a result, Meglécz et al. (2007) suggested that repetitive element banks are generally species specific for each genus or target species. It is therefore remarkable that the percentage of positive hits in each galatheid species against a general mobile element bank were 12.3% for G. strigosa, 15.5% for M. rugosa and 16.3% for M. sarsi. This would lead one to hypothesise that the associations observed in the present study are an underestimation, due to the scarcity of information on the mobile elements in galatheid species. This factor is also reinforced by the lack of success in similar comparisons with the only known transposable elements reported in galatheids (Terrat et al., 2008; Piednoel and Bonnivard, 2009 ). The identification of cryptic repeated elements without homology to the mobile element database suggests that there are galatheid transposable elements yet to be characterised.
The short direct or inverted repeats identified in the current study are characteristic of class II transposons, which utilize a transposase enzyme that binds to direct/ inverted repeats flanking the transposable element during the process of transposition. These repeats occur in one fifth of the DNA families clones identified. More than half of these clones containing the direct short/inverted repeat relate to a transposable element, e.g., from families Copia, hAT, Polinton, and mini-me, and a further 19%, relate solely to galatheid microsatellite DNA families. These findings seem to provide evidence for a novel galatheid mobile element, which is/has been recently active. Unfortunately the short nature of the sequences of the current dataset only permitted the identification of a single short direct/inverted repeat per sequence indicating that the mobile element is much larger than this study can characterise.
Conclusions
The discovery of inconspicuous cryptic repeats (both above and below 40 bp) adjacent to microsatellites explains the difficulties encountered in microsatellite marker development because the flanking regions are not, in fact, ''unique.'' The frequent presence of sequences homologous to transposable elements suggests a role for transposition in the production or duplication of some of the galatheid microsatellite DNA families observed. In other cases the association appears to be random, and is consistent with microsatellites simply occurring in a genome with a large number of dispersed repeated sequences. There is also the possibility that some of the microsatellites are simply embedded in very old blocks of tandem repeated sequences where mutations have exponentially obscured many of the repeats, but left some almost intact. There is no evidence for recombination or unequal crossing-over, but in a short sequence this would be indistinguishable from one end of a transposition. Apart from this, these results concur generally with the theories of Meglecz et al. (2004; and Van't Hof et al. (2007) , and also show that this phenomenon is not confined to insects. These conclusions suggest the hypothesis that difficulty in developing microsatellite markers for PCR is increased in genomes with large numbers of dispersed repeats or degenerate tandem repeats.
Future Considerations
From the outset of any investigation aiming at microsatellite development, it is difficult to predict problems as the ones reported in here. In order to avoid wasteful expenditure, and both time and labour resources on the development of primers that are unlikely to work, at least for crustaceans, we suggest a number of steps that could be followed to maximize chances of success. For instance, C o t analysis for repeat content in a genome could be used to predict difficulties in primer design and it would be interesting to determine, in future investigations, if such a correlation does exist. This would be a more reliable indicator than genome size as the bulk of large genomes may be old degenerate repeats. A small number of transposable elements carrying the common microsatellites would disrupt primer development without being apparent in the genome.
A simple technical improvement aiming to identify reproducible microsatellites would be to clone larger fragments, i.e., by using infrequent cutters restriction enzymes, which would permit the development of longer specific primers. This was attempted for a few sequences in the current database but to no avail. This suggests that the extent of complexities observed in disturbed regions of the genome require further study and are beyond the scope of the current investigation. In any event, local BLAST analysis, in combination with similar BLAST searches against transposable element databases, is recommended to compare all sequenced clones in order to attempt to uncover cryptic repeats or widespread families of transposable elements that might otherwise go unnoticed. If the underlying cause for unusual results is associated with tandem repeats, given that these usually occur in blocks of heterochromatin, it is plausible that useful microsatellites may be found near coding sequences. Thus, screening cDNA libraries for microsatellites could potentially yield a higher frequency of useable clones, as has been applied to Aedes japonicus (Widdel et al., 2005) .
Alternatively or complementary to future microsatellite marker development, the mobile element-microsatellite association can be capitalised upon by molecular marker systems such as those applied to plant genomes, e.g., Sequence Specific Amplified Polymorphism (SSAP) (Kalendar et al., 2006) , Inter-Retrotransposon Amplified Polymorphism (IRAP) (Schulman et al., 2004) and REtrotransposon-Microsatellite Amplified Polymorphism (RE-MAP) (Kalendar et al., 2006) or those more recently applied to lepidopteran species, e.g., ReFS . The discovery of mariner transposons in the current study and in a wide spectrum of marine crustacean and mollusc genomes (Casse et al., 2006 and references therein: Bui et al., 2008; Halaimia-Toumi et al., 2004) raises the possibility of applying such marker systems, i.e., IRAP and/or REMAP to future galatheid studies.
Interestingly, the incidence of cross species similarities observed in the current study is extensive in comparison to the reports by Meglécz et al. (2004) , in which few cross species similarities were observed. Alternatively, Van't Hof et al. (2007) identified four elements, referred to as Lepidoptera-specific core sequences (LSCS) generally associated with a microsatellite and/or retrotransposons that were shared across varying numbers of lepidopteran species. The higher incidence of shared similarities between closely related Munida species (Group 4, Fig. 2) raises interesting questions in terms of the genome associations of microsatellites and mobile elements pre and post species divergence from one another. There would appear to have been extensive recent genomic reshuffling and the species divergence is most probably recent (, 3-11 million years ago, Bailie, 2008 ). An alternative phylogenetic approach could be considered, given the existence of such retrotransposed elements and their flanking regions, this could be used to clarify the hazy evolutionary history of galatheids, as has recently been conducted in mammals (Moller-Krull et al., 2007) . Despite laborious time and effort invested in microsatellite development, three polymorphic and reproducible microsatellite primers were successfully obtained; these will permit testing of hypotheses relating to paternity and population genetics in the galatheid species (Bailie and Prodöhl, submitted) .
While commonly available protocols for microsatellite development are likely to continue to be used for producing species specific markers, recent advances in sequencing methodology can potentially provide a better alternative to avoid many of the problems detailed in the present study. New generation sequencing (NGS) platforms based on very high throughput parallel and multiplexing genotyping, e.g., Roche 454, Illumina GA, and the ABI SOLiD technologies, can analyse the equivalent of a cloned library in a day. This easily allows for the provision of sufficient data to cross align the microsatellite flanking regions with enough of the genome to get an idea of their uniqueness. This approach also permits the design of longer PCR primers and the identification of useful microsatellites, which are near coding regions. Furthermore, such an approach would completely eliminate any possibility of sampling bias resulting from enrichment processes used to produce microsatellite libraries. This strategy should dramatically improve the ability to obtain reliable genetic markers for population studies and also to facilitate the identification of other unique sequence polymorphisms. While NGS technology is still expensive, we anticipate this will rapidly change with more commercial companies offering affordable access to the new technology. Given the problems reported in the present study, we argue that NGS may be the way forward for crustacean genetic research.
